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ABSTRACT 


UPDATED POSITION AND ICE VELOCITY 
FOR THE AIDJEX MANNED CAMPS 


A.S. Thorndike and T.O. Manley 


During 1975 and 1976, measurements of sea ice motion were made as 
part of the Arctic Ice Dynamics Joint Experiment (AIDJEX). In an earlier 
report (Thorndike and Cheung, 1977), energy at the inertial period was at- 
tenuated by approximately 50% due to the choice of a low covariance factor, 
Q = 100, during Kalman filtering. 

For oceanographic investigations, the data set proved to be unac- 
ceptable particularly in the summer months when there is a significant amount 
of energy at the inertial period. 

This report is the result of the reprocessing of the original position 
data taken from the four manned camps (Caribou, Blue Fox, Snowbird and 
Big Bear) with a covariance factor Q = 100000. 

The higher Q allows data of the inertial period and longer to pass 
through the filter with less than 1 percent attenuation. 

Because of the large amount of information contained in the data set, 
it was divided into two parts. This report (Volume 1) provides position and 
ice velocity from 11 April 1975 to 17 October 1975. Volume 2 covers the re- 
mainder of the data, 18 October 1975 to 4 May 1976 (Thorndike and Manley, 


1980). 
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Introduction 


The objective of the Arctic Ice Dynamics Joint Experiment, as set 
forth in its most general statement, was to reach an understanding of the 
dynamic and thermodynamic interaction between the ice cover and its en- 
vironment (Maykut et al., 1972). One component of the experiment was an 
array of drifting stations at which frequent measurements of the position 
were made (Figure 1). For the present report those measurements have 
been edited using Kalman smoothing techniques to give the best estimates of 
position and velocity. (The raw measurements themselves are not reported 
here, but are available through the Polar Science Center.) The data set 
described here is restricted to the main AIDJEX experiment, which began in 
March 1975 and ended in May 1976. 

This data report represents the most complete documentation of ice 
motion available, but it is limited to one year and to the Beaufort Sea. Par- 
ties interested in earlier data, more widely dispersed in space and time, 
should contact the Polar Science Center, University of Washington, Seattle, 
Washington, which has compiled most of the ice drift data beginning with the 


drift of the FRAM in 1893 to the present. 
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Data Acquisition 


A full description of the measurement systems used in this program 
is beyond the scope of this report. The list of references includes sources 
of more detailed information (Wasilew and Vivian, 1976; Martin, P., 1978). 
All of the hardware we used was supplied by the Satellite Positioning Cor- 
poration, Houston, Texas. 

Four manned camps -- identified by radio call names Big Bear, Cari- 
bou, Blue Fox and Snowbird -- were tracked using NavSat (Navy Navigation 
Satellite System). The geographical position of each of the four camps was 
measured at unevenly spaced times using Doppler satellite navigation tech- 
niques. The raw measurement is the frequency of a signal transmitted from 
the satellite to the ice station. The measured frequency is affected by a 
Doppler shift related to the rate of change in distance between the satellite 
and the ice station, which is itself related to the unknown ice coordinates 
and the known satellite orbit. During each satellite orbit several frequency 
measurements were made and from them an overdetermined solution was found 
for the unknown coordinates. Data recording in the field was on magnetic 
tape with hard copy printout for backup. 

A constelation of six polar orbiting satellites was maintained for this 
system. The orbital period is about 107 minutes. An observer at high lati- 
tudes can track every orbit. Of the 81 potential passes each day, many are 
unusable (because of radio interference between overlapping passes, for in- 
stance). We averaged about 25-30 usable passes per day at each station. 


Single channel (400 MHz) receivers were used to count the Doppler cycles 


for roughly 30-second intervals. The duration of each Doppler counting 
interval was measured independently. The frequency standard used in the 
receivers was stable during a 20-minute pass to about 1 part in 05a 

Fix solutions were done in real time at each manned camp. The 
solution used only the Doppler data from the 5 minutes on either side of the 
time of closest approach of the satellite. No additional editing was performed. 
A correction to each Doppler count was based on the duration of the counting 
interval to account for the random variations in the counting interval. The 
correction also included the fixed timing delay in each receiver. The fix 
solution ignored the effect of the velocity of the ice camps. 

In fact, two receivers with antennas separated by about 100 meters 
were operated at each manned camp. In addition to serving as a backup, 
the measurements at the second antenna were used to define the azimuth of 
the line joining the two antennas. This was possible when both receivers 
produced acceptable fixes from the same satellite pass. Estimates of the 
azimuths obtained at each of the manned camps were reported by Thorndike 


and Cheung, 1977. 


Preprocessin g 


The original data tapes from the manned stations measurement sys- 
tems typically contained several "slitches" per tape because of power failures 
at the camp, or operator error, or some other reason. These tapes were 
transcribed discarding those records which had either a parity error or an 
incorrect number of words. The tapes which resulted from this process 
were read without error on the CDC 6400 at the University of Washington, 
where the bulk of the processing was done. 

Three problems had to be dealt with to prepare the sequence of 
measurements at each station for the actual Kalman filtering. First, data 
recording problems had created occasional gaps in the manned camp data. 
At times the backup teleprinter records from the field could be used to fill 
these gaps. This was done by keypunching the fixes directly from the 
printed records. Second, the data sequence had occasional points which 
appeared to be out of sequence in time. This was sometimes correctable, 
as when the operator had keyed in the wrong date, but usually the situation 
was ambiguous and points out of chronological order were dropped. The 
third and most serious problem involved bad fixes. A glance at a plot of 
the raw time series (Figure 2) illustrates the problem. Because outlying 
fixes have a deleterious effect on the Kalman filtering results, an attempt 
was made to remove them during preprocessing. The algorithm employed 
compares each fix in latitude with the median of the latitude of the 10 fixes 
preceding and the 10 fixes following it. When the differences exceeded a 


preset tolerance of 10 kilometers, the fix was eliminated. The algorithm 
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was applied twice, with a smaller tolerance of 1 kilometer the second time. 
The same procedure was then applied for longitude. 

Visual checks were an important part of the procedure. Plots of 
the data points were produced before and after preprocessing. At times it 
seemed from the plots that we were not detecting certain bad fixes, or that 
we were throwing out good ones, and it was necessary to adjust the toler- 
ance levels. Edited raw data plots like the one shown in Figure 3 provided 
assurance that the data were ready for filtering. 

For the main experiment, AIDJEX adopted the convention of number- 
ing days consecutively, beginning with day 1 = 1 January 1975 and ending 
with day 500 = 14 May 1976. Throughout this data report, this numbering 
system is used quite extensively. Appendix 3 provides a conversion table 


from AIDJEX days to calendar days. 
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Kalman Smoothing 


In the smoothing used here an assumption is made regarding the 
motion of the ice. If the state of the ice at time a is represented by a 
vector Xo containing, say, the position, velocity, and acceleration of a 
point, then the state at some future time is assumed to be partially deter- 


mined by Beosk 


cee mo Kosten Way (1) 


where $ and T are matricies known from the ohysics of the situation, and 


WT represents an unknown random perturbation. In Kalman's formulation, 


which we follow, the random effects are assumed to be Gaussian and White: 


i) 


Osten swan 
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We have chosen Q = 100000 m-hre. Qualitatively choosing a small value of 
Q is equivalent to assuming that the ice moves in a completely predetermined 
way. (See from equations 1 and 2 that Q = 0 would imply that ees = 2X. 

a large value of Q corresponds to assuming that the ice experiences large 


sudden changes in its acceleration.) Thorndike and Cheung (1977) used 


(As teal 
Q = 100 m hr 


The lower value of Q assumed smooth behavior, but was 

unnecessarily conservative. The present value of Q was determined by trial 
and error. <A sequence of raw fixes was used as input to the Kalman filter. 
Several different runs were done using different values of Q. The present 


value of Q appeared to give the best agreement between the output from the 


filter and the raw fixes. 


The original Q (100 m* hr °) used by Thorndike and Cheung removed 
approximately 50% of the inertial period amplitude as can be seen in Figure 4. 
A constant amplitude sinusoidal function whose period varied linearly with 
time was chosen as the input to the Kalman filter with Q = 100 m?hr ©, In= 
put periods ranged from 0.5 hours (at day 10) to 60.4 hours (at day 15) with 
the inertial period being located at day 10.9. An approximate 50% attenuation 
of the input function at the inertial period can be roughly estimated from the 
graph. 

Figure 5 shows the same input function and the resulting Kalman 
2h 8, 


The inertial period passed through 


~ 


output with 2 chosen to be 100000 m 
the filter with very little attenuation. Another test was then run, this time a 
constant amplitude, constant period (12 hours) sine wave was used to simulate 
the inertial period of the Arctic latitudes. The results indicated that there 


was only a 0.03% attenuation from the original input function. 


For the Kalman reduction, we defined A = tel = ta? and the 
matrices 
: 9 
x = position o = 1 "a Are 
velocity Jove ey (3) 
acceleration 0 O 0 
T= {aye 
24 
ee (4) 
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An identical equation can be written for the y-coordinates. The 
two coordinates are treated independently. 


The measurement Z4 is related to X by 


Z4 = (1 0 LEP Ces eh 


9 
where Min is a measurement error with assumed covariance R = (60 meters) . 


The response of the measurement and processing system was investi- 
gated as follows. Four hundred sample points were drawn independently 
from a Gaussian distribution with zero mean and variance (50 meters)”. A 
sampling interval of one hour was assumed. This noise simulated the Nav- 
Sat measurements. The sequence was used as input to the Kalman filter 
procedure. The velocity output from the filter shows two effects. First, 
since velocity is the time derivative of position, we expect to find the spec- 


2 © 3 
trum SC) behaving as wi S (Cw), where S, Cw) is the spectrum of position. 


m 


S,. Cw) was assumed to be white; S, (4) on , which implies S,,(4) = ee Oo 
The second effect is the tendency of the filter to smooth out high frequen- 
cies. Qualitatively then, we have something like the diagram in Figure 6. 
The actual spectrum of ice velocity is shown in Figure 7. The dia- 
gram illustrates how the measurement errors and finite sampling rate limit 
the accuracy of the velocity estimates. Most of the variance in the velocity 


errors occurs for the frequencies greater than 3 cycles per day. For lower 


frequencies we can estimate the contributions to the variance as 0 - 1.3 cycles 
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Figure 6 - Diagram showing qualitatively, the response of 
the measurement and processing system. 
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Spectrum of ice velocity from a test run on the 
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mn? sere total variance 0 - 12 cycles per day: a = 10. m* sec 
The general smoothing problem is to estimate X at time i using the 
entire set of observations (Z;) i=1....m, and to give the error variance 
of that estimate. The solution equations, due to Kalman, are reproduced 
in Appendix 1. All positions were converted to an X-Y coordinate system 
prior to actual filtering. This coordinate system along with its governing 
equations are shown in Appendix 2. Typical estimation error variances for 


position and velocity are 40 meters and 1.0 cm/sec respectively. 


Results 


The final data listing consists of five major columns. The first 
column is the time in decimal AIDJEX days corresponding to the observation 
of the position and ice velocity at a particular camp. The remaining columns 
indicate the camps for which data are applicable. Subdivisions under each 
major camp heading are LAT (latitude in decimal degrees), LONG (longitude 
in decimal degrees), and the north and east components of ice velocity in 
em/sec, NIV and EIV respectively. 

Due to the large amount of information contained in the data set, it 
was divided into two parts. This report (Volume 1) covers AIDJEX days 
101 (11 April 1975) to 290 (17 October 1975). Volume 2 covers AIDJEX days 
291 (18 October 1975) to day 490 (4 May 1976) (Thorndike and Manley, 1980). 

Figures 8-11 show a more detailed drift track of each of the manned 
camps. An insert shows where the region Hes with respect to the north slope 
of Alaska and Banks Island. Asterisks superimposed on the drift track indi- 
cate the positions at integral multiples of 20 days. The beginning and end- 
ing days are noted for each trajectory. A dashed line indicates a long period 
of missing data. The plotted region is 500 x 500 km and is aligned with the x, 
y coordinate system shown in Appendix 2. Figures 8 - 11 were reproduced 


from Thorndike and Cheung (1977). 
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APPENDIX 1 


KALMAN SMOOTHING EQUATIONS 


Symbols 

Vee > pe state vector (nixel) 

6 = transition matrix (n xn) 

T = coefficient matrix for random perturbations to physical 
model (nx m) 

W = white noise driving the physical process (mx 1) 

Q = covariance matrix for W (mx m) 

Z = measurement vector (2 x 1) 

H = #£matrix relating measurement to state vector (i xn) 

V = measurement error vector (2x 1) 

R = measurement error covariance (2 x £) 

P =. prediction, filtering and smoothing error covariance 


Matrix (Men) 


I = identity matrix (n xn) 

K = Kalman gain matrix for filtering (n x 2) 

A = smoothing gain matrix (n x n) 

N = number of measurements in the data sequence 
k = index for the data sequence 

t = time 


The superscript T denotes the transpose operation. The symbol 


¥ (i|j) means the estimate of y at time t given observations (Z,, ek Ae ai) 
The notation here follows Meditch (1969). 
Prediction 

Given observations (21, rare Z,.), predict the state at the future 
time t and find the prediction error covariance. 


bo 


vel KR) Oe eae A(1) 


P(k+1/k) = $(k+1,k)P(k|k) 0? (k + 1,k) 
+ T(k+1,k)Q(k) Pf) (k =1,k). A(2) 
Filtering 
Given observations (Z,, Dit Z,.) and a new observation Zed)? 
estimate the present state at time eT and find the filtering error co- 
variance. 
X(k+1[k+1) = LCkK+1/k) +K (K+ 1) (ZR +1) 
~ “HC? 1) Ck +i 1a) A(3) 
Po (kit 1] kit 1) = Gl eR (kiero. A(4) 
where 
K(Kee Di Se Peek) Ht (Kk + (Hck kes 1]k) HT (k + 1) 
- eRGcete A(5) 
Smoothing 


Given the complete data set (Z,, ote 21); estimate the state at 


any point tee and find the smoothing error covariance. 


X (K 


N) Q(k|k) +A(K) (K(k +1 


N) - x(k + 1/k)) A(6) 


P(K|N) = P(k/k+A(k) (P(k+1/N) 
- P(k+1|k)) A? (k), where A(1) 


Atk) = P(k/k) o> (k +1,k)P '(k+ 1/k). A(8) 


to 
to 


Implementation of the Filter Algorithm 

Starting from an initial condition x (0/0), P (0/0), a prediction is 
made to time ty. The prediction error covariance matrix P(1!0) is used to 
obtain the Kalman gain K(1). The filtered estimate %(1| 1) is then found 
by adding to the predicted y (1|0) a quantity which is proportional to the 
difference between the observation Z(1) and H(1)%(1/0). H(1)%(1/0) is 
the value the measurement would have if the true state were actually %(1/ 0) 
and no measurement errors were made. The algorithm is repeated as each 
new data point is entered until the last filtered quantities % (N|N) and 
P(N |N) are produced. 

The smoothing algorithm, proceeding backward in time, utilizes 
results from the prediction and filtering calculations. The first step is to 
find { (N-1|N) and P(N-1|N) from equations A(6), A(7) and A(8). No 
direct use of the measurements is made in smoothing. The algorithm simply 
corrects the filtered vector x (k|k) by a quantity proportional to the differ- 


ence between the prediction vector at time t and the smoothed value at 


k+l 
time tad: 
In the calculations done for this application, the CDC 6400 computer 
time required to do the prediction, filtering, and smoothing is about 0.5 sec- 
ond per data point, nearly half of which is absorbed in the matrix inversion 


in A(8). Because of the recursive nature of the filter, demands on central 


memory storage space are very modest. 


Reproduced from Thorndike, A.S., 1973, An integrated system for meas- 
uring sea ice motions. In Ocean 73, IEEE International Conference on En- 
gineering in the Ocean Environments, IEEE publ. no. 73 CHO 774-0 OEC, 
pp. 490-499. 


APPENDIX 2 


COORDINATE SYSTEMS 


Position measurements were made in geographical coordinates 
(latitude north, longitude east). The smoothing operation was 


done in a Cartesian system (x,y), where 


om 
Ml 


110.949 (90° - latitude) cos (longitude) (km) 


< 
i 


110.949 (90° - latitude) sin (longitude) (km) 


APPENDIX 3 


CONVERSION TABLE FOR AIDJEX DAYS 
TO CALENDAR DAYS 


For the main experiment, AIDJEX adopted a convention of number- 
ing days consecutively, beginning with day 1 = 01 January, 1975 and ending 
with day 500 = 14 May, 1976. 

In the conversion table, the first column is the AIDJEX day, the 
second is the corresponding day of 1975 or 1976 and the third entry is the 


calendar date. 


Table 


Onverslon 


Appendix 3- C 


CSCOMOGOSCSOCWOESOWOVODOOSGODOOOOOOOCSO 
el a a kk dE ek el od ed ed al al ad al ad al dl Od al ddd dl 


BerrerIrreecearerrrazareerrtrrseerIeres 
ar®aaracartaacaaaarrascearararraaacarwad 
qefefaeaeeddedt dt eee tee ieee tia tad 


Rs os et et et OIE EN NNO 


NAPAOL TAS HAAFOOSLASGAHAN’MG FACE BVAS— 
ARBARAPARSCSSCSSSCOSCSCSCS SS SSeS Sse NN 


Oe St ee ot tet 


PEACH NMS NOC DAS HNMFNCKWDA*IHAHAMNTNHO 
AFMOOOCOCE SLOPES CK Freer czrrecec 
ererveqerqerrerrrrrerT"7r7rrr7"TrT7r7er7r7r7—e"T7" 


BEBSOSGSOOLCCCHOCSCECHOOOOOOLC GOGO SO 
ee ed eh et el ee el lk al ed ll od 


BAtrmaacctacr¢rasotGgocsaeatIetat¢ccasaa 
BSG WW WWW WWM eewaawaw 
le fe ts le Ll lee ts ae ee les le i te i Sa Ln Sie Ses lie is Ltr is te “es te La ae Laas Laas 


PRNAFNOEDAOCKVMNPHOEDAROHMHNQMNSALOCDS 
ee es wt wt ENN INNIN ON 


SNAFAOQEDWAS HAGVPRNGSTACSAMNFNOS DAS 
AAADROAAAPPSAPPPAPIPAFOONNMMNMMNMWo 


PSEA SCHNRMFN OCP SAOSHNM SNOOP ARO Hanseyn 
FAS SSSSDSOCD9S OS we ws NNN 
ArarterqsvervrrsrvrrrwrerverrrrTC7rrC—7" 


Vel’ elvol'el' slab sl al’al cl ol sisi eh of sh ele) a) shot oh 2) 0 f) ef sl 2) 2) ae) 
Ce ek Nd ht pd a oe ad el al tel et td Od ad Dd ad Od ed dd ad ad dl dd 


VLVVSYMGSUVSOV LG VOY OV OUEEVOEOUOUULYN 
Bw WSSU We WW ewe woewewwe ewww 
seassacecasceocsocsqoocoecassseseeces 


RAF FH SPSASCHnMG NOE BDASCHKHANNFANLCECASC 
es et wt es St INI ONIN NIN NO 


DOPED SeHNMSASPDOSHNMPHOCKPSBAOCeHannwgw 
NAAADSPPPIOEPIPSIPATONNN OM HHMHNMNHOOOOSCS 
BVA AAD AAA AAA FE AAAAAAANAAN AAA 


BOPIDAS MHNAMSENHCH DAS NK FVWOFABDARSaANMeN 
DOAN AP PSP PPE PEPFPNONHMMNMNOMHMMOOC SOO 
ABAAAAAAAAMAMAAAMAAAAANAAAAMAM AMAA 


Walalal’al’el’ sl sl' sl el sl’elsl'sh al al 2) si 01 28 8) g0 a) a0 2) oh 2) 2) ssh sls) 
MRR RMR RRR ER RR RRR EE EER EERE PPE ER 


a ed ee ed a ol ro 
VULLOUUUSUUGULULUUGUOUULULOULLY 
socesoocoscsscecescosscocseescscac 


eNO PNOEMIBPAS MHAQMNPFNCEBDASHKHNMIMOOP BACH 
ee ce ee at ws ee INE ORION ENON OO 


POSER BDASaRHNMN SLOP DAS HAMPMCRPBASG HANNS 
Pree SCOBBVETTAIFIEAADARIPARDAGDSSCSS 
NAN ANRAANANANAAAN AN GAARA OOS 


PFHNOGPDROCHNMSFNGRIDAE HAM PNOLBAHKHNMS 
Peer rzset@rITeOTCSCTOAAAAAAMAAAGRSCOSSOS 
ANNAN NRANANRNNNNNN ANNAN ANNAN AMMO 


ADLAHDAMDMNANHAHNAMMANNOANOMMHNAMNMAW 
PORE ORC RR OR CE REAR OR RRR R ee RR 


VU SV ESSE SSoyvse seve ys Sey_ysvye 
SSDS FSsarT SSSI 5575235235355 55N> 
adda edd edd tea 


<x 
PO KAAS HCH OS SCR AKNTNSCE DAOC 
et st tS INE ONION ANOS 


APHNOM DAO HNAFNOE BAS HAMPHOKEBAGCANG 
wt INN NN NNN NN AMAA AAA AP SS 
NAAN RNANANN AN ANN NAN ANNA NON ANC 


ABFHOMBDRARSANMFVNOFDASCSHANANG HOSCDAGCSINS 
Ss tt NNN NNN NN NN ASA AMAA AAAS PPS 
NN AAN NAN SANS AANA NANNNANN NNN NNNNNG 


ANOMOMABAALCMOWMAADMWNAMMMMMNMMNMMOMOWI 
PORE RE RRR RRR RRR ECR ER eR Eee Ree R Se 


ZS2z2222S2PSSSZA2SS2TALzA2e2zz2 222222 
aD asa a do ad 
S399 59 395 6 9 a aa) 


PNAPFPDNOQEDBAD HANA FNOFDAOVARHNANFTINGEBSS 
et et et tt SEIN INNIS 


NAPAOPTASCaEHNMNPHRES EDAD HONG PMCKE DASA 
DALFODOANADSOSSSOHOOOE ESE EECeS SSDS 


SSK SH SM SS et SS tS SS St I tt et tt tt tt 


NAFOOEDAS AHNAPHDESBNAS HAMNANOSCBASO 
MHAABAOAMNODO QVC SOC CRESSS SES CCSD 


oe Reet tien Reon Ran Ieamiern bon iano een bee eee ee ee el el el he eee rr) 


MEMAHADAAAHMAHMAMADNIO 
PPP RR ER EERE REE EERER 


pa o> <> “To <> <m hw > > E> Sn Dm <B> Sm So Soto Po 
Ce Ss oe De Cos ho Dee Se Ds De De Se Se Se DO LO 
aaa edeaedtaeetdtdeteate eect 


RAMESH OE DAS HNMNIFOHOCE DBAS 
8 et en ot we EN NNN NNO 


HKMHNNAFNOE DAS HNAMV*PAFNOSE SAS 
205909095 anew ene 


St mt ee et et et ee tee tt 


FAN HOPDPSOSMHNAFHSCLIBDADS 
SSSSS SO CS Ha Se eH ee 


Oh tt et rt rt et ett et et et tt tt 


BDOCSOOOOGSOOLOOO 
Pere n err ee ree 


De De De De De Se ee De De ee 
aqa<aedeaeacetadadcadd 
ZSAZTATAEARFEAFELALEI 


FSANMPFNOEDAOHANGNS 


Caen) 


NAPONOR DRO HONG Pw 
NAANNNANNMAGAMS 
D oianicen ian iuaninen i anineninanieen neiienieninen) 


PDROAKANMSP NOE BAC 
DBBWBAAAGFARDAARAS 
weeqrerroer rrr TY 


GSGEGLOOGDVOCOOWOOCOOOCOOSLC OLOCOOSOOS 
PRPC REE RR ERR RPE ORO EOF ERR ERR ESS 


[> io ae Sho <n he eo “To Sie io in “fo in Gn Bn Go De Bo -Bo So Ae ie Bo Bo ike Sa An Ae Be ao A= 4 
a€4feaetdetceeaeceddt ete tee eect ade eta 
ESPSRTATATEELAEL EAA ATLTEATALAEAZEAZETZAETZSE 


FKAVAPFN OF BAO HAMA FNOCHE AAS AHNnsPFNOerano=s 
Se et wt BLINN NNN NN OS 


RKANAFOOEP SHS HN PFHOGKDBDASHKHNMTMNOCL DBC 
CSDOOOODOOCOR ECR SCF eCCFAT®COBcCsTIICIOANS 


OE DHDOSHNASE LOE DASCHNVANSE OF DAC HnrhsHC 
ANANNMAMAMAAAMAMAGE AMA ASTIO STI ITSITSTSEHHLLMNNM 
7reyvrrr"verC7r7rverCrrrrr7rerrrrcerT TC TSC SI 


SOHLGCHOGGHOLODOOLLECLSOSEOOOOODOSCOSGOS 
Lo ek ok el ed ed ed ee ed ek el dl ol od el ed ll et ed ed 


S22SLZASZALZAZSFSSFFFAAASSSAZZAFSSAZS 
<«adaeqadcaeaecedee ded ected eee 
Nae aoe Yaa or eae fea Yee tore Tree bane fear Naor eae (ap ve joe Joc Sher hep fae Ser hep bare ce Shee ex Nap fice Sag bay ee} 


RNAPFNOSHPBASCHNMNS HOP ILASCSNRAPHCeEIASO— 
Se st IG INN NNN NNO 


BANA PHECEDIPSHMHNAMNPNCREODASC HKHAMNAFNHOE BAG 
St et em et ee NINN ANA NNM 


DSPDDS SHAM FNGEDBAOKVNGHBPVN OK BHO eSAmewnwd 
CSOBSRPE ERE CRE EEF SCT PSEOSTTTOCAeCAeaa 
FAAAAAA AAA AA AA AAPAFAF HMAMAAAFAAGAAMG 


OAMMOMNAAANMOMOMNAHAMOWNOMOSNNMMNMWMAO 
PREP PR RRP RR ERE PREP RR RRR RE RR eR 


> >>> >>> >>> >>> >> > >> >>>>>>>>>>>> 
cocescececscoccoessscscsciscessocsacso 
2222 222222222222 22222222222222 


MRNA PA DE BAS HAMA PONCE DBDSOKMANGIPNOF SEAS 
es et et NNN SNARES 


DBE DOOHKRVA PHWHOSEDSS HNMNFNOLCGHASHANMS 
SSSCS Ot SAIN NN NNN NN OAM 
BAAR AAANAA AAV AA AANAAM AAANAAMNMAMAMH 


DOPE DADDHAMANFNGEBHROSNMPHOPCHOENMNS 
SOS OCS SM SS FF SBANANNNANANAMAMO NY 
FAAA AA AAR AANA AAA AA AAA AAA A AMMA AA 


DAMDADNNMODODAMANMNAOANNAMMAHOHMMWANNMM 
[lel Sek el el al tl eel Dl Dd ak al Sak al Sl ek el Dd el ed Dk Dd Sd dl el el el ld 


2aaa GAARA DAADWADCAAoAAAAAAAKo IAA 
je apeakee he rnc spe ese cge the urewye spemne shes needs cue he the eke he. le sat ome ene eke skew ge oo the») 
QANnARNNANNNNGNANNANANMNNNANNNMNNMNMN 


RK NAPHOPDA DS HNQAFHOPDASAHINMAPHCE ISAS 
et nn et ot ee NIN NON NN NO 


FHOSE DA DANAFH OE DAS HAMNPHOEIASC HVS 
PPPPFPOHNNHNMHNNAHNODOSODOODGOHOR SEE 
NANRAAANANAAN NANA NAAN NANA NNN 


FPNOEBDBASSNAMFNOEDHOBANVAPNOFDASCANS 
PITS TTINOCNANNNODNANNO SDHODODGIOIBOP TEE 
NANNAN RANA ANNAN NA NAAN NN NNN NAN 


POMOWMEFHNMMNMOADMMMDNHMMNMMMMAMNMMOW 
Uk seat ak ek Dl ek ek et elk Sak Ook Sak ak ad Bal el Dd ol od ad ad ed el od el el el et el 


Se 
SSSaeDS>a5D>>5D752 => =22925= 


okee Yap bee Yow eae bar Pow fe op oe oe neg ep oe 


353333335 5S55 
SESS aS 
9 ay oo my de oe 8 


FNAFODDEDRSHNMS HOLE BASCSHAAPHOCEP BSCR 
et et et me ot ot St NNN NN NNN OO 


NAP DO™ BRIM NAPNOP DRO ANA PNHHO™ BRAS SN 
BBwDSTreBDaAAASPARAAAARPCIOOSOcSCOSSCSoOO eH 
ee re se re tt et et et et ee St INO NNN IRIN 


NAPHNOGEDAS HNQMFNOE DAS HV*WM®PFNOLDARVHKN 
PDBMBBSTBSTBDABDAAAADABRAARSSOAISSSSS So ews 
Oe ee eet es ee ts ee NIN INI INI IRN NN 


DMMDMHNMNMAMHANMNMMMNAMNWANMNMMAHMMNNWM 
PEEP EERE RR EE AR RRR RE RRR RCRA 


Deo Dat Seo et ps Seo Se Ds Be Ds Se So De ee De Se Se De De ee De ee Bs Se Se es 
aaaeaedeeedteeet ieee eee tect etaeccae 
TLTTALETTALAZALTLALLELELATETIAAILE 


ANAS NGEDADHAMNF HOKDADVSHAMNAHOCEIBASCS 
Se en et mt HN NIN NAN NNO 


FNAP NOPE DASHMHAMA SF HOE DROANVNS NOCHE DAS= 
ANQANNNANNAMNEAAMMAONMSP SP SPP SCPC SISESTIPIOMN 


ee tt et et te tet tt tt te te st 


PNAPNOEDHAOHVATPNCLEDASSHNMNSNOSE DBAS 
NANNNAGAN NN AAMAAAA MAAS SPIT PPPCSCPCICIN 
tk tt et ee et me et ee et re rt et et et et et et et ttt 


ACKNOWLEDGEMENTS 


The satellite navigation portion of the work reported here was sup- 
ported by the National Science Foundation Grant Arctic Sea Ice Study number 
DPP79-09115. The authors gratefully acknowledge the many individuals who 
helped collect the navigation data at the manned camps during the AIDJEX 
Project. 

We would like to thank Ken Hunkins for his cooperation and assist- 


ance, without which this report would have been impossible. 


bw 
—J 


REFERENCES 


Makut, G.A., Thorndike, A.S. and Untersteiner, N., AIDJEX Scientific 
Plan, AIDJEX BULLETIN, Vol. 15, 67 pp. 


Martin, P., 1978, Summary of Technical Developments in AIDJEX, AIDJEX 
BULLETIN) oVo0ls.40, pp. i-6- 


Meditch, J.S., 1969. Stochastic Optimal Linear Estimation and Control. 
McGraw-Hill, New York, N.Y. 


Thorndike, A.S., 1973, An Integrated System for Measuring Sea Ice Motion. 
In OCEAN 73, PROCEEDINGS OF THE 1973 IEEE INTERNATIONAL CON- 
FERENCE ON ENGINEERING IN THE OCEAN ENVIRONMENT. IEEE Publ. 
No. 73 CHO 774-0 OEC, pp. 490-499. 


Thorndike, A.S. and Cheung, J.Y., 1977, AIDJEX Measurements of the Sea 


Ice Motion, 11 April 1975 to 14 May 1976. AIDJEX BULLETIN, Vol. 35, 
149 pp. 


Thorndike, A.S. and Manley, T.O., 1980, Updated Position and Ice Velocity 
for the AIDJEX Manned Camps, Volume 2, 18 October 1975 to 4 May 1976. 


CU-3-80. Tech. Rpt. No. 3, Lamont-Doherty Geological Observatory, 
Palisades, N.Y. 


Wasilew, D. and Vivian, J., 1976. Satellite Positioning Techniques in the 


Aretic. Offshore Technology Conference, Houston, Texas, Paper No. 
OTC-2460. 


Position and Ice Velocity Data 


The following section comprises the updated positions and ice veloci- 
ties for the four manned camps Caribou, Blue Fox, Snowbird and Big Bear. 


Data span from 11 April 1975 to 17 October 1975. 
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